Abstract Observations imply that long γ-ray bursts (GRBs) are originated from explosions of massive stars, therefore they may occur in the molecular clouds where their progenitors were born. We show here that the prompt optical-UV emission from GRBs may be delayed due to the dust extinction, which can well explain the observed optical delayed onset and fast rise in GRB 080319B. The density and the size of the molecular cloud around GRB 080319B are roughly constrained to be ∼ 10 3 cm −3 and ∼ 8pc, respectively. We also investigate the other GRBs with prompt optical-UV data, and find similar values of the densities and sizes of the local molecular clouds. The future observations of prompt optical-UV emission from GRBs in subsecond timescale, e.g., by UFFO-Pathfinder and SVOM-GWAC, will provide more evidence and probes of the local GRB environments.
The sketch of an observed GRB located inside a molecular cloud. "obs" denotes the direction to the Earth (observer). The cloud is assumed to be with uniform density and a clear boundary. The distance of the GRB to the edge of the cloud is ∆R, as marked.
Considering a simple picture as shown in Fig.1 , the molecular cloud is assumed to be uniform in density, and the distance of the GRB from the edge of the cloud on the side to the observer is ∆R. The cloud contains dust grains of characteristic radius a and dust number density n d . Assuming a standard dust-to-gas mass ratio, n d is related to the cloud density n H as n d = 0.01n H m H /(4π/3)a 3 ρ, where ρ is mass density of the grain material. A characteristic value of ρ = 3.5g cm 3 (Guhathakurta & Draine 1989) will be taken in the following calculations. Considering that the source radiates a 1 − 7.5 eV radiation with luminosity L 1−7.5 , a grain at a distance r can be heated up leading to thermal sublimation and thermal emission.
The temperature T of the grain at distance r from the source is governed by
where m is the mean atomic mass, B is the chemical binding energy per atom, Q UV is the absorption efficiency factor averaged over the 1 − 7.5 eV spectrum of the source emission, and Q T is the usual Planck-averaged absorption efficiency.
We will assume Q UV ≈ 1 for a > ∼ 10 −5 cm and approximate Q T by
with a −5 = a/10 −5 cm. The thermal sublimation rate can be approximated by (Guhathakurta & Draine 1989 )
We adopt the frequency ν 0 = 1 × 10 15 s −1 , B/k = 7 × 10 4 K, and ρ/m = 10 23 cm −3 as representative values (Guhathakurta & Draine 1989; Waxman & Draine 2000) . If we assume T is approximately constant during the illumination, then the grain survival time at T is t surv (T ) = a/|da/dt|. The grain will be completely destructed by thermal sublimation if it is illuminated over a time longer than t surv (T ).
As the dust is destructed by the radiation, the radiation is also extinguished by the dust. We consider below the effects of dust extinction on the observed flash light curves. Following Waxman & Draine (2000) let us approximate the 1 − 7.5 eV emission from the GRB as a rectangular pulse of duration ∆t and luminosity L 1−7.5 . The problem can be simplified by assuming that the effects of extinction can be approximated as a narrowing of the optical pulse, retaining a rectangular profile.
The leading edge of the radiation is just at the dust destruction front. We assume a sharp disruption front within which the dust grains are all destructed whereas the grains further are not affected. Define f (r) the fraction of the flash energy that is absorbed by dust interior to radius r. If t surv < (1 − f )∆t, the grains are destructed and f (r) satisfies
The relation between the radius of dust destruction front R f and observer time t obs can be given by
with z the redshift of the GRB source. A (maximum) dust destruction radius R d is determined by the condition
At r > R d , the dust grain survives the illumination and the destruction front does not move any more, therefore we can simply assume
The above discussion on R f propagation omits the existence of the edge of the cloud at ∆R. If R f < ∆R, the optical depth due to dust extinction is
and the attenuated luminosity observed outside is
If R d > ∆R then the destruction front can reach the edge (R f = ∆R) at time t obs = f (∆R)∆t(1 + z), which means all the dust in the beam of the radiation is cleared and the radiation is not attenuated, τ = 0. However, if R d < ∆R then the dust is not destructed completely, and the disruption front stays at R d at t obs > f (R d )∆t(1 + z) while the dust optical depth is
Note, in the former case R d > ∆R, the 1 − 7.5 eV emission is firstly totally attenuated, since R f < ∆R and τ ≫ 1;
when the destruction front propagates to be close to the edge of the cloud, R f < ∼ ∆R and τ ∼ 1, it starts to emerge by some fraction; and after the destruction front reaches the edge, R f = ∆R, the emission emerge completely without any extinction.
Thus, the end time of the light curve rising up depends on the edge of cloud ∆R, while the slope of the light curve rising up depends on the propagation speed of the destruction front which is sensitive to the cloud density, n H .
APPLICATIONS
As discussed above, in the case of R d > ∆R, the radiation-dust interaction leads to that only the later part of the prompt optical-UV photons emerges, but the γ-ray photons from the GRB are without any attenuation. Thus, if the prompt γ-ray and optical-UV radiation is emitted together from the GRB source, there should be a time delay between the onset of the apparent prompt optical-UV and γ-ray emission. So far there are quite a few GRBs that are detected with prompt optical-UV emission.
We will apply the simple radiation-dust interaction model to all these detected GRBs, with the goal to explain the time delays of the prompt optical-UV emission relative to γ-ray emission, and roughly give some implications to the properties, e.g., the densities and the sizes of the molecular clouds around them.
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The observed luminosity is usually given in a single band for a single filter, e.g., U, B, V, R bands etc. A spectrum with the form f ν ∝ ν −1 is assumed for the prompt optical-UV flash in 1-7.5 eV, which is consistent with the fast-cooling electrons expected in the standard internal shock model. Thus, a cosmological κ-correction factor can be defined to account for the transformation of the single passband of filter to the band of 1-7.5 eV in the proper GRB frame,
where b 2 and b 1 are the frequency boundaries of the passband for the observed filter, z is the GRB redshift.
GRB 080319B
So far the so-called "naked-eye" GRB 080319B is the only one that happens to occur in the field of view of an optical telescope, without the trigger by high-energy detector, thus it is by luck monitored in optical band from before the beginning of the GRB. The broadband observations of it has been presented by Racusin et al. (2008) and Beskin et al. (2010) . The γ-ray emission was found to begin at about 4 s before the BAT trigger and last ∼ 57 s. The bright optical transient begins at ∼ 10 s after the BAT trigger, peaks at ∼18 s and then fades below the threshold to magnitude ∼12 after 5 min. That is to say, there is a time delay ∼ 14 s between the onsets of γ-ray and optical emission. It should be noticed that the optical rising is too fast to be accounted for by the afterglow model, either forward shock emission (Sari et al. 1998) or reverse shock emission (Kobayashi et al. 2000) . The optical light curve during the plateau phase shows fluctuation, similar to the γ-ray one. Moreover, the optical and γ-ray emission is found to be correlated. All these features suggest that the prompt optical emission from this burst is not produced by afterglow shock. Thus the delayed up-rising optical emission needs other explanation. We show below that the delay can be well explained by the radiation-dust interaction.
We, again, approximate the intrinsic optical-UV emission as a rectangle pulse of duration ∆t (in the rest frame of the GRB). Since the optical emission is observed to decay at ≈ 50s (similar to the γ-ray duration), the duration is ∆t ≈ 50/(1 + z) ≈ 25s, where the GRB redshift is z = 0.937 (Vreeswijk et al. 2008) . Apparently in observations, the optical flux rises from zero to a plateau phase at a time t b ≈ 15s after trigger, and the plateau phase ends at ∼ 50 s. The mean luminosity after t b (i.e.,in the range of 15-50 s) and in 1-7.5 eV energy band can be given by
is the luminosity distance calculated (adopting a Universe model with Ω M = 0.3, Ω Λ = 0.7, and H 0 = 71
, and f p = 9.39 × 10 −9 erg cm − 2 s −1 is the mean flux observed during the time range 15-50 s in V band observed by TORTORA (Pagani et al. 2008; Racusin et al. 2008) . The correction factor κ = 6.17 for this burst is calculated by assuming a power law spectrum f ν ∼ ν −1 .
If the duration of the optical-UV emission ∆t = 25 s is taken and assuming the radius of dust grain as a = 1 × 10
cm, we calculate the absorbed energy fraction f (r) of the flash up to the destruction radius R d for a cloud density range of n H = 10 2 − 10 5 cm −3 . The result is shown in Fig.2 . We can see the denser the cloud the faster the flash energy is absorbed.
However, after the destruction front reaches the destruction radius r = R d , the absorbed fraction rapidly reaches unity,
Apparently in observations, the optical emission rises to the mean flux level at about 15 s, and then keeps this level until ∼ 50 s. This implies that the absorbed fraction of the flash energy, when the dust destruction front reaches the edge of the cloud, is f (R f = ∆R) ≈ 15/50 = 0.3. Thus, given the cloud density n H , the cloud size, roughly implicated by ∆R, can be determined for this burst, i.e. n H and ∆R are one by one related for fixed f (r = ∆R) value. For example, if The dotted line presents the case of
n H = (10 3 , 10 4 , 10 5 )cm −3 , we have ∆R = (2.4, 1.7, 1.1) × 10 19 cm, respectively with fixed f (r = ∆R) = 0.3. Then the value of ∆R can be found to decrease with larger value of n H . However, for too small n H , the destruction front reaches the maximum destruction radius R d before reaching the edge of the cloud, i.e., the absorbed fraction f (r = R d ) < 0.3, as the
In order to decouple n H and ∆R, we need to further consider the temporal profile of the observed optical-UV emission.
For different values of n H and t b , we have calculated the optical-UV light curve using equation (7). The resulted light curves are shown in Fig.3 , also plotted are the γ-ray and optical-UV data that are adopted from Racusin et al. (2008) . Note, as Beskin et al. (2010) found that the optical emission is 2 s delayed relative to the γ-ray emission in the plateau phase, we also assume a time delay of 2 s for the intrinsic onset of optical-UV emission compared to the γ-ray one. The plotted light curves in Fig. 3 take this into account. We see that compared with the observed optical data of GRB 080319B, the case with n H = 10 3 cm −3
and t b = 16 s fits the light curve profile better. Therefore, it can be concluded that the cloud that hosts GRB 080319B has a density of n H ≈ 10 3 cm −3 and a size of R ∼ ∆R ≈ 8 pc.
It should be noted that in the above calculations we have taken ρ = 3.5g cm 3 (Guhathakurta & Draine 1989 ), a = 1 × 10 −5 cm and a standard dust-to-gas mass ratio of 0.01. The resulted values of n H , ∆R and R d are not sensitive to the values of them, i.e., the resulted n H , ∆R and R d values vary within a factor of a few if changing ρ, a, κ, and the gas-to-dust ratio by one order of magnitude. This is good enough for order of magnitude estimate with the simple model here.
Other GRBs with prompt optical detections
Besides GRB 080319B, there are quite a few other GRBs with prompt optical detections during the γ-ray bursting phase. They are all detected by rapid slew of optical telescopes to the GRB location after trigger by γ-ray detectors. So usually there is a gap between the trigger time and the start time of optical observation. Nevertheless, we can still try to make some constraints on the local GRB environments based on the simple radiation-dust interaction model.
All the GRBs detected after December of 2004 and with optical detections during the prompt γ-ray emission are collected and analyzed with the simple radiation-dust interaction model here. We separate these GRBs into two samples. In Sample I, the GRBs satisfie the following three criterions: (1) There are optical detections before the end of the GRB, specifically, the optical detection is within the duration of T 90 ; (2) The optical light curve within T 90 shows a rising of the flux, i.e., if the optical light curve shows a decay or flat plateau then the GRB is not included; (3) The number of optical data points, excluding upper limits, in the rising part is not less than three. All the other GRBs only satisfy criterion (1) are grouped into Sample II.
We find besides GRB 080319B, there are 7 other GRBs satisfy the three criterions: GRB 041219A Blake et al. 2005) ; GRB050820A (Vestrand et al. 2006) ; GRB 060218 (Mirabal et al. 2006; Ferrero et al. 2006; Sollerman et al. 2006; Kocevski et al. 2007 Ledoux et al. 2006) , GRB 080810 (Page et al. 2009; Burenin et al. 2008) , and GRB 100906A (Gorbovskoy et al. 2011; Barthelmy et al. 2010; Markwardt et al. 2010; Tanvir et al. 2010 ). However, we exclude GRB 041219A and GRB 060218 from Sample I for reasons as follows. GRB 041219A shows correlation between γ-ray and optical emission, thus the observed initial rising in the optical band is likely intrinsic other than due to radiation-dust interaction. This GRB is included in Sample II instead. * In the bracket is the passband of filter. Letters "V", "H" and "W" denote V, H and white bands, respectively. ** From the work of Vestrand et al. (2006) , rather than Swift data. † The time corresponds to the first optical data by TORTORA. In fact, the optical observations start before the trigger of this GRB.
References: (1) a rising part, which may occur before the start of optical detections. We exclude this burst in Sample I but include in Sample II. As shown in Table 2 , there are 13 GRBs in Sample II.
Sample I
For GRBs in Sample I, we can follow the same approach we carry for GRB 080319B, and the optical rising can be accounted for by the simple radiation-dust interaction model, in the same time the local environments of these bursts are constrained by fitting the observed promptly optical-UV light curves.
We assume there is intrinsic optical-UV emission associated with the γ-ray emission, with approximated rectangle light curve profile. The optical-UV duration ∆t obs = ∆t(1 + z) is obtained from observations (which is usually comparable or somewhat larger than the γ-ray duration). The luminosity L 1−7.5 is calculated from observed optical emission, by correction with κ factor assuming a f ν ∝ ν −1 spectrum (For white band the same κ factor as R band is assumed). There are usually fluctuations of optical flux in the plateau phase, thus we use the average of optical flux during the plateau phase (i.e., after the rising part and before the decay phase) to calculate the L 1−7.5 values: We average the optical data of GRB 050820A during the period of t obs = 230 − 722s; GRB 060418 of 107 − 137s; GRB 060607A of 159 − 205s; GRB 080810 of 67 − 261s; and for GRB 100906A we use the peak flux at 115s.
Given L 1−7.5 and ∆t, the maximum dust destruction radius R d can be determined to be as function as density n H .
Furthermore, the time t b that the optical flux rise to the top value can be estimated from the observed optical light curve.
Once given f (r = ∆R) = t b /∆t obs and combined with the condition of R d = ∆R, one obtains a minimum n H value, n H > n H,0 , otherwise, the destruction front cannot reach the edge of the cloud and no optical-UV emission escapes from the Prompt Optical/UV Emission from GRBs 9 References: (1) cloud. Finally, we apply eq. (7) to fit the rising part of the optical light curve by taking n H (in the range of n H > n H,0 ) and t b as free parameters. The best fit gives us the resulted values of n H and ∆R.
The resulted values of n H and ∆R is also listed in Table 1 . Illustrations of our fitting results for the four bursts included in Sample I are shown in Fig. 4 . From the fitting results, we find that the density of the surrounding molecular clouds are in the range of 10 3 − 10 4 cm −3 , while the size, as implicated by ∆R, is in the order of ∼ 10 pc. However, due to small number of GRBs with optical rising part detected in prompt emission, it is impossible to give the statistic discussion of the properties of local molecular clouds. Furthermore, the observed data points in the optical rising part are usually sparse for individual GRB, which may induce large errors in light curve fitting. The future precise observations are needed to test the model and constrain the properties of local environment more precisely.
Sample II
For GRBs in Sample II, because there is no optical rising detected due to the delay of optical observations, we cannot well constrain the properties of the surrounding environments. However we still try to make some constraints, although rough. In these bursts, the time t b when the optical-UV flux reaches the plateau, i.e., when the dust destruction front reaches the edge of the cloud, R f = ∆R, can be considered to be smaller than the start time of the optical observations, t op . Thus we have t b < t op . Moreover, we take the flux of the first optical data point to calculate the mean luminosity in optical-UV band. In these bursts, the maximum dust destruction radius must be within the boundary of the cloud, R d < ∆R, otherwise the optical emission from these GRBs cannot emerge. those of sample-I GRBs. This might be reasonable since the luminosity of sample-II GRBs are generally smaller than that of sample-I GRBs. GRB 041219A has exceptionally small luminosity then its value of ∆R is smaller than ∼ 0.01 pc.
DISCUSSION AND CONCLUSIONS
Long GRBs are believed to be the explosions of massive stars, therefore the GRBs may occur in the molecular clouds where their progenitors were born. We show in this work that the prompt optical-UV emission from GRBs, if originally emitted simultaneously with γ-ray emission, may appear with relative time delay in observations, due to the dust extinction. This can well explain the optical delayed onset observed in GRB 080319B, and the number density and the size of the molecular cloud are roughly constrained to be n H ∼ 10 3 cm −3 and ∆R ∼ 8pc, respectively. We also investigate the other GRBs with good optical-UV data, and find the densities and sizes of the molecular clouds in the range of n H ∼ 10 3 − 10 4 cm −3 and
We use a simple picture that the effects of extinction is approximated as a narrowing of the optical pulse, retaining a rectangular profile. This neglects that there may be fluctuation of the original flux with time, and that the dust destruction front is not a zero-thickness one. Thus the constraints on the molecular clouds only make sense by order of magnitude.
The resulted n H and ∆R constraints suggest high column densities of gas around GRBs, ∼ 10 22 − 10 23 cm −3 . It is interesting to note that Galama & Wijers (2001) obtain similar range of column densities by observations of X-ray afterglow spectra. Moreover, our constraints are also consistent with those giant molecular clouds found in Milky Way, which are observed to have sizes of 10 − 30 pc and average gas densities of 10 2 − 10 3 cm −3 (Winnewisser et al. 1979; Goldsmith 1987) .
Although the GRB local molecular clouds from our constraints seem to be slightly denser, the low statistics of GRBs with prompt optical detection and the sparse data points for individual GRBs prevent us from giving clear conclusions.
One may expect that the initial fast rise of the prompt optical flux can be produced by the afterglow forward shock due to sweep-up the circumburst medium before deceleration. However, the multi-band observations of two sample-I GRBs 060418
and 060607A show spectral index in the optical band of F ν ∝ ν −0.9 and F ν ∝ ν −0.8 , respectively. This implies the injection frequency below the optical band, ν m < ν opt , and require extremely unusual afterglow model parameters, e.g., postshock electron energy far smaller than typical value, ǫ e < ∼ 10 −3 . Moreover, most GRBs in sample I show up-rising even faster than F ν ∝ t 3 (e.g., GRBs 060418, 060607A, 080319B and 100906A), which is faster than the model prediction for the pre-deceleration forward shock emission at ν > ν m . One may also expect the up-rising part can be accounted for by the reverse shock emission due to shock swept-up of outflow material but the predicted temporal slope is not faster than F ν ∝ t 2 (Kobayashi 2000) . Thus the prompt optical emission is more likely to be generated within the outflow.
The density of the surrounding from our constraints is higher in general than the medium density implicated by afterglow modeling. The X-ray absorber must lie within 1 − 5 pc from the GRB thus probing the innermost region in the close vicinity of the GRB explosion. Comparing the HI column densities from Lyα absorption to the metal column densities from X-ray absorption in GRB afterglows, Watson et al. (2007) found there no correlation between the column density values, and the X-ray absorptions often far exceed the HI column densities. Based on a detailed study of the absorption pattern, Campana et al. (2011) found a high-metallicity absorbing medium for GRB 090618 and a best-fitting column densities 6 × 10 17 cm 2 in Ne and Si. However there is no contradiction here because the size of observed afterglow is usually sub-pc scale, but the region concerned here is in much larger scale, ∼ 10pc, as resulted from the constraints. Thus, it may be that in the place very close to the GRB location the medium density is low while the further-out region has much denser gas. This is reasonable that the vicinity of the GRB source may be affected by the progenitor before the GRB explosion.
In our simple model, for given luminosity and duration of the prompt optical-UV emission, the maximum dust destruction radius can be determined. Once it is within the boundary of the cloud, R d < ∆R, there will be no prompt optical emission observed, neither the optical afterglow emission. The GRB will appear as being optically dark in this case. It is interesting to note that only 60% GRBs observed by BAT/Swift are detected by UVOT/Swift in the optical afterglows. The "dark burst"
(van der Horst et al. 2009 ) are still mystery now. If dust extinction is the reason, then by our simple model, this suggests that the maximum dust destruction radii and the sizes of the molecular cloud are statistically comparable, i.e., R d ∼ ∆R, thus the bright and dark bursts are comparable in numbers. Indeed, as shown in Table 1 , those bright GRBs in sample I with better observations and hence better constraints, R d and ∆R values are similar.
There are quite a few small robotic telescopes that have been built and installed around the world in order to detect the optical counterparts in the early phase of γ-ray bursts, such as Super-LOTIS (Park et al. 1997) , TAROT (Klotz et al. 2009 ),
PROMPT (Reichart et al. 2005 of the "naked-eye GR" 080319B (Racusin et al. 2008) , the prompt optical emission was caught by the TORTORA and Pi of the sky even with zero time delay. Besides, the UFFO-Pathfinder (Chen et al. 2011) , which aims at prompt optical detection in subsecond timescale, will be launched soon; the Ground-based Wide-Angle Camera array (GWAC), with a larger field of view (∼ 8000 square degrees), as a part of ground system of the Chinese-French SVOM mission (Paul et al. 2011 ), aiming at search for the optical emission in zero delay, will be constructed in the near future. All these robotic telescopes and the planed projects will make a larger and better sample of prompt optical emission from GRBs in the future, leading to more precise constraints on the GRB local environments.
